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Analysis of three-dimensional power Doppler
sonography reproducibility in the assessment
of fetal brain circulation*
Análise da reprodutibilidade do Doppler de amplitude tridimensional na avaliação
da circulação do cérebro fetal
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Edward Araujo Júnior4, Karina Krajden Haratz2, Liliam Cristine Rolo2, Luciano Marcondes
Machado Nardozza5
OBJECTIVE: To evaluate the intra- and interobserver reproducibility of three-dimensional power Doppler
sonography (3D power Doppler) in the assessment of fetal brain blood flow in the middle cerebral artery
territory. MATERIALS AND METHODS: A cross-sectional study was developed with 20 healthy pregnant
women between 26 and 34 gestational weeks. The middle cerebral artery territory closest to the transducer
was scanned and the blood flow volume was calculated with the method Virtual Organ Computer-aided
AnaLysis. The following 3D power Doppler indices were later obtained: vascularization index (VI), flow index
(FI) and vascularization-flow index (VFI). The intraclass correlation coefficient (ICC) and Bland-Altman plots
were utilized for calculating the intra- and interobserver variability. RESULTS: A good intra- and interobserver
agreement was observed, with ICC > 0.90 for all the 3D power Doppler indices: VI [ICC = 0.992 (CI 95%:
0.981–0.997)], FI [ICC = 0.999 (CI 95%: 0.998–0.999)], VFI [ICC = 0.995 (CI 95%: 0.987–0.998)].
Interobserver reproducibility: VI [ICC = 0.988 (CI 95%: 0.970–0.995)], FI [ICC = 0.999 (CI 95%: 0.997–
1.000)], VFI [ICC = 0.994 (CI 95%: 0.994–0.998)]. CONCLUSION: 3D power Doppler has shown to be a
practical and easy method in the assessment of fetal brain blood flow, with good intra- and interobserver
reproducibility. The FI presented the best intra- and interobserver agreement.
Keywords: Reproducibility of results; Prenatal ultrasonography; Fetal brain flow; Power Doppler; Three-
dimensional sonography.
OBJETIVO: Avaliar a reprodutibilidade intra e interobservador do Doppler de amplitude tridimensional (3D
power Doppler) na avaliação do fluxo sanguíneo cerebral do território da artéria cerebral média. MATERIAIS
E MÉTODOS: Foi realizado estudo transversal com 20 gestantes normais entre 26 e 34 semanas. O território
da artéria cerebral média mais próximo ao transdutor foi selecionado e o volume foi calculado utilizando-se
o método Virtual Organ Computer-aided AnaLysis. Posteriormente, obtiveram-se os índices do 3D power
Doppler: índice de vascularização (VI), índice de fluxo (FI) e índice de vascularização-fluxo (VFI). Utilizaram-se,
para os cálculos, o coeficiente de correlação intraclasse (CCI) e gráficos de Bland-Altman. RESULTADOS:
Foi observada boa concordância intra e interobservador, com CCI > 0,90 para todos os índices do 3D power
Doppler: VI [CCI = 0,992 (IC 95%: 0,981–0,997)], FI [CCI = 0,999 (IC 95%: 0,998–0,999)], VFI [CCI =
0,995 (IC 95%: 0,987–0,998)]. Reprodutibilidade interobservador: VI [CCI = 0,988 (IC 95%: 0,970–0,995)],
FI [CCI = 0,999 (IC 95%: 0,997–1,000)], VFI [CCI = 0,994 (IC 95%: 0,994–0,998)]. CONCLUSÃO: O 3D
power Doppler mostrou-se um método prático, fácil e com boa reprodutibilidade intra e interobservador, com
o IF evidenciando a melhor concordância intra e interobservador.
Unitermos: Reprodutibilidade dos testes; Ultrassonografia pré-natal; Fluxo cerebral fetal; Doppler de ampli-
tude; Ultrassom tridimensional.
Abstract
Resumo
* Study developed at the Division of Three-dimensional Ultra-
sonography, Department of Obstetrics – Universidade Federal de
São Paulo (Unifesp), São Paulo, SP, Brazil.
1. Private Docent, Titular Professor, Department of Obstetrics
– Universidade Federal de São Paulo (Unifesp), São Paulo, SP,
Brazil.
2. Masters, MDs, Department of Obstetrics – Universidade
Federal de São Paulo (Unifesp), São Paulo, SP, Brazil.
3. MD, Fellow degree, Department of Obstetrics – Universidade
Federal de São Paulo (Unifesp), São Paulo, SP, Brazil.
4. PhD, Associate Professor, Department of Obstetrics –
INTRODUCTION
Both the fetal and uteroplacental circu-
lations have been exhaustively studied with
the objective of evaluating the fetal hemo-
dynamics in the physiological and patho-
logical processes during pregnancy(1). In
this context, the evaluation of the fetal
brain vascularization and blood flow is
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extremely relevant, considering that per-
fusional deficits in this territory may be
determinant in a poor prognosis for the
development of the central nervous system
and even for the fetal welfare(2).
Ultrasonography is a noninvasive diag-
nostic method for evaluating the cerebral
blood flow, and indirectly inferring the fe-
tal oxygenation status. Presently, in obstet-
rics, 2D color Doppler and power Doppler
ultrasonography are the two main sono-
graphic techniques utilized for evaluating
vascularization and blood flow.
Two-dimensional color Doppler can
analyze the changes in blood flow waves
and has been utilized as the main nonin-
vasive diagnostic method in the evaluation
of fetal circulation and blood flow. This
method allows the evaluation of the fetal
brain oxygenation status through the mea-
surement of the blood flow waves veloc-
ity. It is utilized as a reference in the study
of the cerebral blood flow in the middle
cerebral artery (MCA), considering the fa-
cility for identification and high reproduc-
ibility of the method(3).
Although 2D color Doppler can provide
relevant clinical data on the fetal hemody-
namics, this method presents limitations
inherent to its lower sensitivity to detect
low-velocity flows and angle dependence,
besides being subject to aliasing effect(4).
Power Doppler evaluates the amplitude
of the received signals, indicating the num-
ber of moving cells, so this method is more
sensitive for evaluating small vessels and
low-velocity flows, allowing the detection
of minimal changes in the blood flow(5).
Such characteristic is extremely relevant in
the evaluation of low-resistance vessels(6).
With the arrival of 3D ultrasonography,
power Doppler started being utilized for
3D analysis of blood flow and vessels.
However, the first studies with this new
technique included only a qualitative
evaluation by means of 3D reconstruction
of the vascular structure of a region of in-
terest (ROI), without quantifying the vas-
cularization and the blood flow of this ter-
ritory(7).
Pairleitner et al.(8), in an analysis of ad-
nexal masses, have described a new tech-
nique in an attempt to quantify blood flow
and vascularization by means of 3D ultra-
sonography: 3D power Doppler. Based on
the analysis of voxels (the smallest units in
a 3D image), of the gray-scale and color
and size parameters of a previous selected
cube (volume of interest) plotted on a his-
togram, the authors have created three in-
dices to measure vascularization (vascular-
ization index – VI), blood flow (flow index
– FI), or both (vascularization-flow index
– VFI), as follows: VI measures the per-
centage of color voxels in total voxels
within the ROI, and estimates the number
of blood vessels in the tissues expressed in
percentage; FI represents the weighted
color value of all the color voxels and
shows the mean blood flow signal inten-
sity; and VFI corresponds to weighted color
value of all the color voxels and gray scale,
representing the behavior of the other two
indices.
Up to the present moment, the fetal
brain circulation has been traditionally
based on the middle cerebral artery pulsa-
tility and resistance indices measured by
means of 2D ultrasonography(9). Such in-
dices indicate vascular impedance and do
not estimate changes in the blood flow
within small vessels responsible for varia-
tions in the cerebral tissue perfusion(10). For
this reason the utilization of 3D power
Doppler in the evaluation of the fetal brain
circulation is particularly relevant because
of the small diameter of blood vessels in
this territory, besides being an important
tool in the study of fetuses with growth
restriction in an attempt to achieve an ear-
lier prediction of the mechanism involved
in the fetal hemodynamics centralization.
The present study was aimed at evalu-
ating the intra- and interobserver reproduc-
ibility of 3D power Doppler in the study of
the fetal brain vascularization and blood
flow, considering the MCA territory as
ROI.
MATERIALS AND METHODS
A cross-sectional, observational study
was developed with 20 randomly selected
healthy pregnant women between 26 and
34 gestational weeks. The study was ap-
proved by the Committee for Ethics in
Research of Universidade Federal de São
Paulo (Unifesp) and all the women partici-
pating in this research signed a term of free
and informed consent.
All the sonographic examinations and
3D volumes acquisition were performed by
a single observer with three-year experi-
ence in 3D ultrasonography, with a Voluson
730 Expert unit (GE Medical Systems;
Kretz, Zipf, Austria), equipped with a
multi-frequency volumetric, convex trans-
ducer (4.0–7.0 MHz) and with integrated
4D View version 9.0 software (GE Medi-
cal Systems; Kretz, Zipf, Austria) for stor-
age and manipulation of 3D ultrasonogra-
phy data.
Initially, a conventional evaluation was
performed with 2D ultrasonography for
demonstrating fetal positioning and presen-
tation, heart beats, fetal biometrics, fetal
weight estimation and morphological
study, placental positioning and grade,
amniotic fluid, and conventional Doppler
velocimetry of uterine, umbilical and
middle cerebral arteries.
The study of the fetal brain vasculariza-
tion by means of 3D power Doppler started
with the identification of the circle of Willis
with the aid of 2D color Doppler. Subse-
quently, the 3D power Doppler angio-mode
was activated with three-dimensional com-
prising the whole circle of Willis. In order
to achieve an appropriate 3D volume ac-
quisition, the scan was performed in the
absence of fetal movements and with the
pregnant patient momentaneously holding
her breath. The following presets were uti-
lized for volumes acquisition: penetration
frequency (low), power (1), gain (50), frame
rate (2), sensitivity (15), density (activated),
balance (16), scale (0.9 kHz) and filter (1).
After volumes acquisition, the 3D im-
age was presented in three orthogonal
planes perpendicular to each other, the so
called multiplanar mode.
Subsequently, the acquired 3D volumes
were twice evaluated by the main observer
at different moments with an interval of
less than 24 hours, for the purpose of
intraobserver variability analysis. A second
observer also with three-year experience in
3D ultrasonography, performed a third
evaluation of the 3D volumes for determin-
ing the interobserver variability. The initial
measurements were not known by the main
observer at the moment of the second
evaluation, and the second observer did not
know the values previously obtained by the
main observer.
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The analysis of the 3D volumes for cal-
culation of the 3D power Doppler indices
by both the observers was performed as
follows: initially, the three planes were
explored to localize the region with a ma-
jor vascularization within the ROIs, taking
the axial plane as a reference. The ROI was
the MCA territory closest to the transducer.
The Virtual Organ Computer-aided AnaLy-
sis (VOCAL) was selected for allowing the
manual determination of the area in the
fetal brain where the 3D power Doppler
vascular indices were analyzed. The mea-
surement calipers were positioned on the
origin and on the apex of the middle cere-
bral artery closest to the transducer. Sub-
sequently, the sphere mode was selected to
define the contours of the previously cali-
brated region of interest. Once the ROI was
appropriately included in the brain tissue
sphere, the VOCAL Shell Histogram key
was selected to automatically calculate all
the 3D power Doppler vascular indices (VI,
FI and VFI) (Figure 1). This technique is
similar to the one proposed by Mercé et
al.(11) for the study of placental vasculariza-
tion denominated vascular biopsy.
The data were stored on an Excel 2003
(Microsoft; Redmond, WA, USA) work-
sheet and then analyzed by specific statis-
tical software, SPSS for Windows version
15.0 (SPSS Inc.; Chicago, IL, USA). Re-
producibility (the property of a test present-
ing equivalent results in different occasions
with a single observer – intraobserver vari-
ability –, or between different observers –
interobserver variability) was calculated by
means of the intraclass correlation coeffi-
cient (ICC) and Bland-Altman plots(12).
The significance level was set at 5% for all
the tests (p < 0.05).
RESULTS
The present study evaluated 20 pregnant
women in the age range between 25 and 38
years (mean, 31 years). Gestational age
ranged between 26 and 33 6/7 weeks
(mean, 29.8 weeks). The number of previ-
ous labors ranged from 0 to 4 (mean, 2.1
labors).
The descriptive statistics regarding vas-
cular indices obtained through 3D power
Doppler for the MCA territory are shown
on Table 1.
The intraobserver variability in the
evaluation of the MCA territory demon-
strated an ICC > 0.90 for the three indices,
with FI demonstrating the best rate of
agreement (ICC = 0.999) (Table 2). Ac-
cording to the Bland-Altman plots, the
mean differences in the intraobserver re-
producibility were the following: VI = 0.30
(limits of agreement: –8.4 to 9.0), FI = 0.03
(limits of agreement: –1.43 to 1.49) and
VFI = –0.10 (limits of agreement: –9.4 to
9.2) (Figure 2).
The interobserver variability in the
evaluation of the MCA territory demon-
Figure 1. A: VOCAL sphere mode selecting the anterior middle cerebral artery territory. B: Selecting the VOCAL Shell Histogram key, with automated calcula-
tion of 3D power Doppler indices (VI, FI and VFI).
Table 1 Descriptive statistics of vascular indices (VI, FI and VFI) for the middle cerebral artery territory.
3D power Doppler indice
VI – main observer (1st measurement)
VI – main observer (2nd measurement)
VI – second observer
FI – main observer (1st measurement)
FI – main observer (2nd measurement)
FI – second observer
VFI – main observer (1st measurement)
VFI – main observer (2nd measurement)
VFI – second observer
Mean
11.73
11.66
11.56
40.34
40.31
40.39
4.87
4.88
4.76
Standard deviation
3.43
3.31
3.49
5.69
5.55
5.63
1.92
1.96
1.88
Median
11.28
11.29
11.27
40.59
40.40
41.42
4.87
4.89
4.63
Minimum
4.67
4.62
4.62
31.18
31.25
31.14
1.46
2.14
2.04
Maximum
17.73
16.79
17.84
48.32
48.32
48.87
8.57
9.02
8.10
n
20
20
20
20
20
20
20
20
20
VI, vascularization index; FI, flow index; VFI, vascularization-flow index; n, number of pregnant women.
372
Moron AF et al.
Radiol Bras. 2010 Nov/Dez;43(6):369–374
strated an ICC > 0.90 for the three indices,
with FI demonstrating the best rate of
agreement (ICC = 0.999) (Table 3). Mean
differences in the interobserver reproduc-
ibility were the following: VI = 1.16 (lim-
its of agreement: –9.1 to 12.4), FI = 0.16
(limits of agreement: –1.85 to 1.53) and
VFI = 2.1 (limits of agreement: –7.5 to
11.8) (Figure 3).
DISCUSSION
With technological developments in the
field of imaging diagnosis, new methods
have been introduced to provide additional
information on vascularization and blood
flow in human organs and structures.
Three-dimensional power Doppler is a
recent technology that allows to objectively
Table 3 Analysis of interobserver reproducibility of 3D power Doppler indices in the middle cerebral artery
territory.
Parameters
VI
FI
VFI
Patients
20
20
20
ICC (CI 95%)
0.988 (0.970–0.995)
0.999 (0.997–1.000)
0.994 (0.994–0.998)
p
(< 0.001)
(< 0.001)
(< 0.001)
VI, vascularization index; FI, flow index; VFI, vascularization-flow index; ICC, intraclass correlation coefficient.
Table 2 Analysis of intraobserver reproducibility of 3D power Doppler indices in the middle cerebral artery
territory.
Parameters
VI
FI
VFI
Patients
20
20
20
ICC (CI 95%)
0.992 (0.981–0.997)
0.999 (0.998–0.999)
0.995 (0.987–0.998)
p
(< 0.001)
(< 0.001)
(< 0.001)
VI, vascularization index; FI, flow index; VFI, vascularization-flow index; ICC, intraclass correlation coefficient.
Figure 2. Differences of measurements performed by a single observer plot-
ted against the average of differences and 1.6 standard deviation for VI (A), FI
(B) and VFI (C).
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quantifying vascularization and blood flow
in specific structures by means of the analy-
sis of three indices: VI, FI, and VFI(8). Sev-
eral studies have utilized this method to
evaluate placental vascularization(11) and
fetal organs(2,6,13,14).
The first study approaching the evalua-
tion of fetal brain vascularization by 3D
power Doppler has been developed by
Chang et al.(1). These authors have evalu-
ated 155 healthy pregnant women between
21 and 40 gestational weeks, considering
the circle of Willis as ROI, utilizing the
manual VOCAL method, and have demon-
strated a significant increase in VI, FI and
VFI with the progression of the gestational
age and with fetal biometrical parameters.
The intraobserver variability was evaluated
in only 20 cases which were randomly se-
lected among the 155 pregnant women,
with high ICC for the three indices [VI
(ICC = 0.95), FI (ICC = 0.93), VFI (ICC =
0.95)].
Bartha et al.(15) have also studied the 3D
power Doppler reproducibility in the
evaluation of fetal brain vascularization,
considering the whole fetal brain as ROI
and utilizing the sphere mode of the VO-
CAL method. These authors have demon-
strated a good intraobserver reproducibil-
ity (ICC > 0.85 for VI, FI and VFI) and
good interobserver reproducibility for VI
(ICC = 0.92) and VFI (ICC = 0.88), with
lower value for FI (ICC = 0.67).
Our study demonstrated good intra- and
interobserver variability for 3D power
Doppler in the evaluation of fetal brain
vascularization, with ICC > 0.90 for VI, FI
and VFI, in agreement with the findings
reported by Chang et al.(1) and Bartha et
al.(15). However, we observed a better
interobserver agreement for FI (ICC =
0.999) as compared with the value reported
by Bartha et al.(15) (ICC = 0.67). This is
probably due to the fact that the authors
studied only the MCA territory, while
Bartha et al.(15) considered the whole fetal
brain as ROI.
In fact, we have chosen the MCA as
ROI, because it is the main branch of the
internal carotid artery, being responsible for
80% of the blood flow towards the cerebral
hemispheres. It is known that the circle of
Willis is the main vascular structure re-
sponsible for the blood flow distribution to
the fetal brain(1). However, considering the
high sensitivity of 3D power Doppler, with
the vascular indices calculated by this
method being subject to depth-related
sound attenuation(16), it becomes difficult
Figure 3. Differences between measurements performed by two observers
plotted against the average of differences and 1.6 standard deviation for VI
(A), FI (B) and VFI (C).
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to evaluate the whole circle of Willis struc-
ture, particularly at more advanced gesta-
tional ages because of the fetal movements
and the mother’s respiration. For this rea-
son, the authors have opted for studying
only the MCA territory closer to the trans-
ducer, so minimizing the effects from
sound attenuation and imaging artifacts.
We utilized a technique similar to the
one described by Mercé et al.(11) in the
evaluation of placental vascularization,
called vascular biopsy. Such method con-
sists in utilizing the VOCAL software to
determine a sphere in the ROI as a volume
representing the whole structure and, based
on the histogram, calculating the VI, FI and
VFI. Another study developed by the same
group has demonstrated a good reproduc-
ibility with this technique, resulting in ICC
> 0.85 for all the 3D power Doppler indi-
ces(17).
We have opted to utilize the VOCAL
method sphere mode, since it reduces the
variability associated with the manual
method(17), besides allowing a review of all
the sphere planes, so confirming either the
presence or absence of the vessel in all of
them(6).
Likewise in the present study, Nardozza
et al.(6), applying the technique similar to
vascular biopsy proposed by Mercé et
al.(11), and considering the MCA territory as
ROI, have evaluated 90 healthy pregnant
women between 26 and 35 gestational
weeks, and have demonstrated a poor cor-
relation between VI, FI and VFI and ges-
tational age, concluding that this technique
is practical, rapid and easy to perform.
However, the reproducibility of such tech-
nique has not been evaluated by these au-
thors.
Based on volumes previously collected
and stored by a single observer, we tested
the intra- and interobserver reproducibility
of the method. Therefore, the reproducibil-
ity of the whole procedure from the volume
acquisition has not been evaluated.
According to Järvelä et al.(18), there are
two possible ways to analyze the reliabil-
ity involving the utilization of the 3D tech-
nique: by 3D volume acquisition and
through calculation of the volume after
contour definition by means of the VOCAL
method (stored volumes), so the reliability
in the 3D volume acquisition is directly
related to the confidence level of an accu-
rate delineation of the volume to be calcu-
lated(19). Additionally, according to Raine-
Fenning et al.(20), the data acquisition is
much more subject to results uncertainty
than a series of measurements of any data,
particularly in Doppler velocimetric stud-
ies.
Several studies have evaluated the re-
producibility of measurements with the
VOCAL software, including 3D power
Doppler indices, based on data collected by
a single observer and that later were ana-
lyzed by different observers(1,15,18–21).
Based on such studies, we consider their
findings as relevant and reliable.
CONCLUSION
The cerebral circulation can be evalu-
ated by 3D power Doppler, with the vascu-
lar biopsy technique to study the MCA.
Three-dimensional power Doppler has
shown to be a practical and easy method in
the assessment of fetal brain blood flow,
with good intra- and interobserver repro-
ducibility.
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